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FIELD OF THE INVENTION 

The present invention relates to optical scanning devices for storing information onto 
a d.sc-shaped storage medium or reading information from such disc-shaped storage medium, where 
the disc is rotated and a write/read head is moved radially with respect to the rotating disc; The 
present invention is applicable in the case of optical or magneto-optical disc systems. Hereinafter, the 
; wording "optical disc system" will be used, but it Is to be understood that this wording is intended to 
also cover magneto-optical disc systems. 

BACKGROUND OF THE INVENTION 

As is commonly known, an optical storage disc comprises at least one track of 
storage space where information (such as images, date, music,...) may be stored. Optical storage 
d.scs may be of a read-only type, where information is recorded during manufacture and can only be 
read by a user, or of a writable type, where information may be stored by a user. For writing 
information in the storage space of the optical storage disc, or for reading information from the disc 
an optical disc drive comprises, on the one hand, rotating means for receiving and rotating, the optical 
disc, and on the other hand optical means for generating an optical beam, typically a laser beam, and 
scanning the storage track with said laser beam. The rotating means are for example a motor, which 
dnves a hub engaging a central portion of the optical disc. For optically scanning the rotating disc 
the optical disc drive comprises for instance at least a light beam generator device (typically a laser 
diode), an objective lens, for focusing the light beam in a focal spot on the information layer of the 
d.sc, and an optical detector, for receiving the reflected light reflected from the disc and generating 
an electrical detector output signal (since the technology of optical discs in general, the way in which 
information can be stored in an optical disc, and the way in which optical date can be read from an 
.optical disc are commonly known, it is not necessary here to describe this technology in more detail). 

In an ideal case, the information layer of the disc is assumed to be perpendicular 
to the optical axis of the apparatus, so that the returning beam, i.e. the light reflected from the disc 
is co-ax,ai and counter propagates, to the incoming light. In the case where the disc has a warped 
surface, the propagation axis of the reflected light is no longer co-axial to the axis of the incoming 
hght, and a tilt effect consisting in a deviation of the returning beam from the co-axial propagation of 
the .deal case, is observed. Such a disc-tilt is known to degrade the performance of optical disc-drives 
and has to be detected and compensated. Nevertheless, since the incoming light is focused to a tiny 
spot on the information layer of the disc, this deviation from co-axial propagation is very small and a 
tilt detector based on this principle is very difficult to implement 

It has then been proposed to amplify the deviation of the returning beam, for 
instance by adding aberrations to the incoming beam and therefore causing the spot size on the 
information layer to increase. For Instance, when the disc is accessed with infra-red light (wavelength 
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= about 790 nm), the larger amount of spherical aberration (said aberration being due to the fact 
that, in a radiation beam, the rays in the central part of the beam and the rays of the periphery of 
the beam have different focal points when they are focussed on the disc) causes the spot size on the 
information layer of the disc to increase compared to the situation where the disc is accessed with 
red light (wavelength = about 660 nm). An example of such a situation is described fn the Japanese 
patent JP2000076679 , where disc-tilt is indeed measured from the position of a spot with a light 
source having a wavelength different from the wavelength used for reading out the information on 
the disc. It turns out, however, that, when such a method is applied, the size of the spot on the 
optical detector is now too large compared to the size of the standard four-quadrant detector, 
conventionally used in optical disc drive apparatuses : no significant difference in the signals from the 
quadrants of the detector can be measured, and hence no tilt error signal can be derived. 



SUMMARY OF THE INVENTION 

It Is therefore the object of the invention to provide an optical disc drive avoiding this 

drawback.- ' 

To this end, the invention relates to an optical disc drive comprising rotating means, 
defining a rotating axis for an optical disc, and optical scanning means, for scanning said optical disc 
with a light beam, said optical scanning means themselves comprising at least : 
• - a first light source, for producing said first light beam ; 

- focusing means, applied to said light beam and provided between said first light 
source and a focusing point on an information layer on said first disc having a first cover layer ; 

- an optical detector provided for receiving a first backward beam reflected from 
said information layer of said first disc ; 

- a second light source for producing a second light beam also transmitted to said 
focusing means and for measuring tilt from the position, on said optical detector, of a second spot 
corresponding to a . second backward beam obtained after reflection of said second light beam on said 
information layer of said first disc ; 

said optical disc drive further comprising, between said focusing point and said optical detector, a 
diffractive structure provided with diffracting elements for substantially refocusing the returning 
second beam onto the detector. 

This structure allows to generate on the detector a spot small enough In order to be 
able to measure significant differences between the signals of the detector and therefore to derive a 
noticeable tilt error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described, by way of example only, in a more detailed 
manner and with reference to the accompanying drawings, in which : 

- Fig.l illustrates an example of optical disc drive suitable for storing information on 
or reading information from an optical disc ; 
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- Fig.2 shows an example of optical scanning device ; 

- Figs 3 and 4 show two views (from the top and in cross section, respectively) of a 
first implementation of the diffracting structure according to the invention ; 

- Fig.5 shows a phase-step structure that is an approximation of the prism structure 
illustrated in the cross section of Rg.4 ; 

- Figs 6 and 7 Illustrate the size and localization of the spot, respectively without and 
with the diffractive structure according to the invention ; 

- Fig.8 is a graph showing a simulated normalized radial-tilt error-signal obtained in 
the case of the implementation of Figs 3 and 4 ; 

- Fig.9 Is a graph showing a similar normalized radial-tilt error-signal obtained in the 
case of the implementation of Fig.5 ; 

- Flg.10 shows how the light passes through the objective lens and is focussed on the 
mformation layer, and Fig.ll is a magnified view of the region around said information layer. 

DETAILED DESCRIPTION OF THE INVENTION 

An example of an optical disc drive, suitable for storing information on or reading 
information from an optical disc 1, is schematically illustrated in Fig.l. The disc drive comprises an 
apparatus frame 2 and, for rotating the disc 1, a motor 3 fixed to the frame 2 and defining a rotation 
ax,s 4. For receiving and holding the disc 1, the discdrive may comprise a turntable or clamping hub 
5, which is mounted on the axle 6 of the motor 3. The disc drive also comprises a sledge 7, which is 
displaceably guided in the radial direction of the disc 1, He. in a direction substantially, perpendicular • 
to the rotation axis 4, by guiding means not shown for the sake of clarity. A radial sledge actuator 8 - 
is provided for regulating the radial position of the sledge 7 with respect to the apparatus frame 2 

The d,sc drive further comprises a platform 9, which is displaceable in the radial 
direction of the disc 1 with respect to the sledge 7, and which is displaceably mounted with respect to 
the stedge 7 by mounting means not shown for the sake of clarity. A radial platform actuator 10 is . 
provided for radially displacing the platform 9 with respect to the sledge 7 (radial sledge actuators 
and radral platform actuators are known per se, and as the design and operation of such radial 
Platform actuator are not the subject of the present invention, it is not necessary here to discuss 
them in great detail). 

The disc drive further comprises, for scanning tracks (not shown) of the disc 1 by 
means of an optical beam, an optical device 20 which is described later. It also comprises a pivot 
Platform actuator 11, arranged for pivoting the platform 9 with respect to the sledge 7 (such pivot 

it haZHT " ^ P " 56 ^ th6ref0re ^ diSCUSS6d f " -d a contro, unit 

12 havmg the followng outputs : a first output 12a connected to a contro. input of the motor 3 a 
second output 12b coupled to a contro. input of the radial sledge actuators, a third output 12c 
coupled to a contro, input of the radia. platform actoator 10, a fourth output 12d coupled to a control 
input of an axial platform actuator 13, and a fifth output 12e coupled to a contro. input of the pivot 
Platform actuator 11. The contro. unit 12 is designed to generate at its outputs 12a to 12e contro. 
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signals Scm/ Scs, Scp r/ S Cpa and So> p respectively for controlling the motor 3, the sledge actuator 8, the 
radial platform actuator 10, the axial platform actuator 13 and the pivot platform actuator 11. The 
control unit 12 has also a read signal input 12f for receiving a read signal Sr from an optical detector 
described in the following paragraphs. 

The optical scanning device 20 will now be described. According to a preferred 
embodiment of the invention illustrated in Fig.2, the optical scanning device comprises fight beam 
generation means 21 (first light beam), typically a laser, which may be mounted with respect to the 
frame 2 or the sledge 7. This laser 21 produces a diverging radiation beam 22 of a given first 
wavelength (in this example 660 nm). The linearly polarized light flux thus emitted is reflected by a 
semi transparent mirror 23 and transmitted through a polarized beam-splitter 24 towards a mirror 25 
and a lens system. This lens system includes a collimator lens 26 and an objective lens 27. The 
collimator lens 26 changes the diverging radiation beam 22 to a coilimated radiation beam 28, and 
the objective lens 27 transforms said coilimated beam into a converging beam 29 which comes to a 
focus 30 on the information layer of the disc. 

After its reflection on said Information layer, the converging beam 29 forms a 
reflected beam which returns on the same optical path. This backward radiation is further transmitted 
through the polarized beam-splitter 24 and passes through a servo-lens 40 which transforms said 
returning beam into a converging beam 41 falling on an optical detector such as a servo-detector 42. 
The semi transparent mirror 23 is constructed with optical elements that allow to separate the 
emitted beam and the returning one and to supply the latter to the optical elements (40,42) that 
follow said mirror. 

In order to obtain a measure of the amount of radial and tangential tilt of the disc 1, 
a second light source 51, typically a laser, with a second wavelength, different from said first 
wavelength (in this example 780 nm) Is temporarily switched on for producing a second light beam . 
By definition, the two wavelengths are considered as different when the absolute difference between 
them is more than 10 nm. The polarized light emitted by said light source 51 is reflected by the 
polarized beam-splitter 24 and by the mirror 25, and then passed through the collimator lens 26 and 
focused by the objective lens 27. A second backward beam obtained after reflection of said second 
beam on the information layer Is then received by the servo-detector 42. Since the wavelength of the 
second light beam is different from that of said first light beam, the spot on the information layer of 
said first disc is now aberrated. As a result the size of the spot on the detector of this second beam 
becomes larger than the size of the detector. 

According to the invention, and in order to overcome the problem of the size of the 
spot on the servo-detector, it is proposed to attach to one surface of one of the lenses located on the 
path of the backward beam or on a separate plate, between the focusing point on the information 
layer and the servo-detector, a diffractlve structure implemented as described hereinunder. By doing 
so, the size of the spot on the servo-detector is reduced when accessing said first disc with the light 
emitted by the second light source. 

An example of this diffractive structure is shown in Figs 3 and 4. For the second light 
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beam produced by radiation source 51, the diffractfve structure should diffract the fight beam 
substantially In one particular diffraction order. In this example, the case where the light Is diffracted 
'f^ 0 C ' l ^ at *' on ora<er ^ considered. This can be achieved by a diffractfve structure 100 which Is 

ofa fazedgratfngtypeand consists ofaserfes of reaped prfsms 101, as seen fi.m the top On 
Rg.3) and in cross-section along the radius (fn Fig.4). In the cross-sectfon of Rg.4, the numbers 
indicate the radial position of each of the diffracting efements, in milffmetres. The height h a of the 
prisms Is given by : 

lb = A 2 / (nz-1) (1) 
where A 2 fs the wavelength of the light emitted by the second light source 51 and n 2 is the refractfve 
M. of the prism materia, at the wavelength As shown In Figs 3 and 4, the centra, region of ttl 
dimacbve structure (until a radius of 0.154 mm) does not contain any diffracting element. The size of 

the second „ght source 51 the reflected light passes the structure 100 unaltered, whife, when 
accessmg said first disc having said first cover fayer with fight from said second light source a 
substantia, amount of the rays of the divergent returning beam that faff outside the detector 42 are re- 
focused onto said detector. The foffowfng tabfe 1 gives typical vaiues for the radius (in miflimefres) of 
ti.e success.ve nngs constituting the dfffractfng structure, together with the pitch, i.e. the distance 
between two successive rings, in micrometres : 

Tabfe 1 



Ring number 



6 



8 



10 



11 



12 



Radius (mm) 



0.154 



0.217 



0J265 



0.306 



0.340 



0.372 



0.400 



Pitch ( A m) 



0.0 



63.2 



48.0 



40.1 



35.0 



31.3 



0.427 



0.451 



0.474 



0.496 



0.517 



28.6 



26.4 



23.0 



21.7 



20.6 



19.6 



An important feature of the diffractive structure fs that ft should not influence 
the returning light of said first light beam when this light fs used to access said first disc A bla^ed^ 
grating however aiso diffracts the fi,t , ight beam significantiy itothalHtamJ^^L 
to preventthis, fnstead of a bfazed grating a binary grating mustbe used. In a binary grati g ea h 
blaze - approxfmated by a step-wise structure (see Fig. 5). The Internationa, patent app^L 
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WO02/21522 describes how to design such binary gratings diffracting a substantial part of the second 
light beam to the first diffraction order while not influencing the first light beam. The methods 
explained in said patent application are therefore included by reference. This result may be obtained 
with the proposed step-wise structure of Fig.5 where the blazed grating is approximates with four 
5 steps (105, 106, 107 and 108). It can be shown, indeed, that with this structure, the light emitted by 
the first light source is unaltered by the grating. This is because the step heights have been chosen 
as multiples of hi, each hi step leading to a phase shift of 2tt when using light from the first light 
source (the phase shift for light emitted by the second light source is generally not 2tt). The step 
height hi is given by : 

10 h! = Ai/(nrl) (2) 

where Ai is the wavelength of the light emitted by the first light source and ni is the refractive index 
of the grating material at the wavelength A*. Here for exemplary purposes the refractive index of the 
* grating material for both Ai and X 2 is assumed to be 1.65. For the situation shown in Rg. 5, the 
height of step 105 is 1 x hi, the height of step 106 is 2 x hi, the height of step 107 is 4 x hi and the 

15 height of step 108 is 5 x hi. The diffraction efficiency of the shown step structure is approximately 75 
percent. 

The diffracting structure' used, according to the invention, to reduce the size of 
the spot from the second light source on the servo-detector is either attached to the servo-lens or to 
the objective lens or on a separate plate. In the first case, the diffractive structure (such as illustrated 

20 in Fig.5) is attached to the front surface of the servo-lens, and Figs 6 and 7 show respectively the 

spot 110 without the diffracture structure and the spot ill with the diffractive structure attached to 
the servo-lens. As can be seen from Rg.7 compared to Fig.6, the spot size is reduced as compared to 
the situation without the diffracting structure (in these figures, the black squares 112 Indicate the size 
of the standard four-quadrant detector used in optical pick-up devices). At least more than 10% of 

25 the light of said second beam falling outside the detector when the grating according to the invention 
is not present, is not refocused onto the detector when the grating is present. More preferably more 
than 25% is refocused onto the detector. The normalized tilt error-signal is derived from the position 
of the spot from the second light source on said four-quadrant detector. If A, B, C and D refer to the 
individual quadrants, the normalized radial-tilt error signal, called RTES, is given by : 

30 RTES- A+ R B ^-P (3) 

A+B+C+D 

The simulated normalized radial-tilt error-signal obtained is shown in Rg.8. 

In the second case, the diffractive structure may be attached to the objective 
lens. The radius and the corresponding pitch for each ring are then given in the following table 2, . 
together with the numerical aperture (JMA) belonging to the radius : 

35 
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Ring number 


Radius (mm) 


Pitch(//m) 


NA 


1 


1.360 . 


0.0 


0.49 


2 


1.624 


264.0 


0.59 T 


3 


' 1.799 


175.0 


0.65 



IT h retUrni " 9 " 9l * ^ 11,6 ~- «*- — • « ~nd 

**? ""' ^ ^ 8,2 *>«*• * confined to fte ^ 0 5 < NA< 

tenseffe* the rays are reftcused on «* servo^etoctor «t may be note, mat fte difihacdve 

*- a " «*— aspher* shape ,n order to fit onto the asphedc surface of the objeofive ,ens, 
As tecnbed above, fte gratfno may „ a^rotfmatod ^ a ^ ^ J 

•ttt from fte first W source ,s not affectod when passtng ftrough fte regton „ 5 < W < „ « 
£ norma teed radtol-t* ertor-slgna, obttned Wft ft,s morfified dbjecbve tens > shown ,„ R 9 9 ' 

h T °- 5<m<0 - KOnte ^ to *^^^tTb i s,ssholn,„P,^ ' 

lens (OL) 27 and is focused onto the information layer 120-of the disc 1 fnote that Rn inch 
unfoidad light paft, ,. e . fte syaem - shown ,„ t^sston, ^ Xt^ ^ZZ 
n=g»n around fte inflation layer 120). As can be seen, fte actoa, fccus 12! fe poslTCTd- 
fte rnf^tadon layer 120. It is import ftat fte difiracdve structurd brings fte eoge £££ 

rays onto the information aver suppresses the team 9 
does not iead to a useful erLignT^ °° nSeC " ,eDCe * * ^ 

above ^ • UnderStDOd ^ l " VenHOn ' hUS * flned te «* <° *. 

C^Ts^TT 0 " 5 - Wb,ISt " , -boc^enttbefirstwave^ „ 

smaller than fte second wavetength, It is possible that fte M wavetength may a!so be larger than 
the second wavelength. Also, whilst In fte above^escribed embody exp» refe^TJl to 
a^r with four guadmnts, ,t appears that fte prindpie can be app„ed to a d^ZZ * 
test two or even six and more segment Alftough fte embodiment described above Indicate 
s*uat,on where fte beam fiom fte second l,ght source used tor fte ttt measurement ^d to a 
numeric,, apertoro which „ smaller than fte numerical aperture of fte beam 
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CLAIMS: 

1. An optical disc drive comprising rotating means, defining a rotating axis for an optica/ 

dsc, and optical scanning means, for scanning said optical disc with a light beam, said optical 
scanning means themselves comprising at least : 

- a first light source, for producing said first light beam ; 

- focusing means, applied to said light beam and provided between said first light 
source and a focusing point on an information layer on said first disc having a first cover layer • 

- an optical detector provided for receiving a first backward beam reflected from said 
information layer of said first disc ; 

- a second light source for producing a second light beam also transmitted to said 
focusing means and for measuring tilt from the position, on said optical detector, of a second spot 
corresponding to a second backward beam obtained after reflection of said second light beam on 
said information layer of said first disc ; 

said optical disc drive further comprising, between said focusing point and said optical detector a 
dtffractive structure provided with diffracting elements for substantially refocusing the returning' 
second beam onto the detector. 

2. An optical disc drive according to claim 1, in which said, diffractive structure is 

attached to one surface of a servo-lens positioned just before said optical detector. 
3- An optical disc drive according to claim 1, in which said diffractive structure is 

attached to one surface of an objective lens used as focusing means. 

4. An optical disc drive according to claim 1, In which said diffractive structure is 
attached to a separate plate. 

5. An optical disc drive according to anyone of claims 2, 3 and 4, in which said 
diffractive structure consists of a series of ring-shaped prisms. 

25 6 An optical disc drive according to anyone of dairns 2 and 3, in which the diffractive 

structure is approximated by a step-wise structure. 
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Abstract 

The invention relates to an optical disc drive comprising rotating means, defining a 
rotating axis for an optical disc, and an optical scanning device, for scanning said optical disc with a 
light beam. These optical scanning means themselves comprise a first light source, for producing 
said first light beam, focusing means, provided between the first light source and a focusing point 
on an information layer on the disc, an optical detector, for receiving a first backward beam 
reflected from said information layer, and a second light source, for producing a second light beam 
also transmitted to said focusing means and for measuring tilt from the position, on said optical 
detector, of a second spot corresponding to a second backward beam obtained after reflection of 
the second light beam on the information layer. According to the invention, a diffractive structure 
provided with diffracting elements for substantially refocusing the returning second beam onto the 
detector, is provided between said focusing point and said optical detector. This diffractive 
structure, consisting of a series of ring-shaped prisms, is attached either to one surface of a servo- 
tens positioned just before said optical detector, or to one surface of an objective lens used as 
focusing means, or to a separate plate. The diffractive structure may also be approximated by a 
step-wise structure. 
Fig.3 
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